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@ Polymer dispersions in polyols containing unsaturation.

@ This invention is directed to stable dispersions of

copolymers in polyols containing added unsaturation. The
polymer dispersions are prepared by reacting a polyo! con-
taining added ethylenic unsaturation and an ethylenically
unsaturated monomer or mixtures thereof in the presence of
a free radical catalyst characterized in that the dispersion is
prepared by the Williamson synthesis or a phase transfer
catalyst modification thereof employing in situ polymeriza-
tion of the ethylenically unsaturated monomer or mixtures
thereof in the polymer containing added ethylenic unsatura-
tion. The unsaturated polyals prepared by these methods
may be used alone or they may be blended with polyols not
containing added unsaturation. The dispersions are rela-
tively low viscosity liquids which are useful in the prepara-
tion of polyurethanes such as, for example. foams and elas-
tomers.
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POLYMER DISPERSIONS IN
POLYOLS CONTAINING UNSATURATION .

This invention is directed to a polymer dis-
persion prepared by reacting a polyol containing added
ethylenic unsaturation and an ethyleﬁically unsdturated
monomer or mixture thereof in the presence of a free

5 radical catalyst characterized in that the disversicn
is pfepared by the Williamson synthesis or a phase trans-
fer catalyst modification thereof employing in situ poly-
merization of the ethylenically unsaturated monomer cr
mixture of monomers in the polyol containing adcded ethy-
10 lenic unsaturation.

The stable dispersions of the present inven-
tion wherein the vinyl polymerization has “een conducted
in situ in an unsaturated polyol or polyol blend prepared
by the above mentioned methods have lower viscosities

15 as compared to those unsaturated polyols prepared from
unsaturated compounds having a hydroxyl, a carboxyl or
an epoxy group.

While dispersions of relatively low viscosity
are known in the art, the dispersions of the present
20 - invention are even lower in viscosity for the same amount

of polymer and ethylenic unsaturation in the polyol. The
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lower viscosity allows for greater ease of handling in
commercial urethane applications and for the incorpora-
tion of higher levels of dispersed polymer solids.

The term "added unsaturation" is employed since
in some instances as disclosed in Polyurethanes:Chemistry

and Technology I, Chemistry, Saunders and Frisch, Inter-

science, 1962, p. 35-36 some unsaturation is inherent in
the preparation of polyether polyols when propylene oxide
is employed with a basic catalyst. Therefore, the. present
invention is directed to quantities of unsaturation added
by the methods disclosed.

The unsaturated polyols employed in the present
invention are prepared preferably by the Williamson method
wherein a conventional polyol is reacted with an alkali or
alkaline earth metal hydroxide to form the metal alcoholate -
of the polyol and the resultant metal alcoholate is then
reacted with an allyl halide or a vinylbenzyl halide.

The proportion of allyl halide or vinylbenzyl- .
halide employed is such that on the average at least one
hydroxyl group per molecule of polyol is not capped with
the allyl or vinylbenzyl group. Preferably at least two
hydroxyl groups per molecule are not capped. '

The reaction between the polyol and the alkali
or alkaline earth metal hydroxide is usually conducted ‘
at a temperature of from 80°C to 140°C, preferably from
100°C to 120°C for a time sufficient to essentially com-
plete the reaction.

The reaction bétweén the resulting metal alco-
holate' and the allyl halide or vinylbénzyl halide is
conducted at a temperature of from 80°C to 140°C, pre-
ferably ffom 100°C to 120°C for a time sufficient to

18,402-F
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essentially complete the reacfion. Since the reaction
results in the formation of a metal halide salt bypro-
“duct, such salt can be removed by such methods as, for
example, filtration or centrifugation. In some ins+ances
it may be preferred to add some quantities of water, e.g.
from 1 to 10 pafts per éart by Wéight of metal halide
salt and then after removing the water by flashing cr
other means, removing the salt as indicated above.
- Suitable alkali and alkaline earth metal
‘hydroxides include, for example, Sodium~hydroxide, potas-
sium hydroxide, lithium hydroxide, barium hydroxide,
calcium hydroxide and mixtures thereof. ' o

Suitable allyl halides include, for example, 
allyl chloride, allyl bromide, allyl iodide, allyl
fluoride and mixtures thereof.

Suitable vinylbenzyl halides include, for exam-
ple, vinylbenzyl chloride, vinylbenzyl bromide, vinyl- |
benzyl iodide, vinylbenzyl fluoride and mixtures thereof.

PRI .

The unsaturated polyols of the present invention _
are also prepared by a phase transfer catalysis modifi-
cation of the traditional Williamson ether synthesis

" “which employs an additional catalyst such as tetra-alkyl -~
"“émmonium or phosphonium halides, sulfates or bisulfates.

.

‘In a preferred embodiment of the phase transfer
~catalyst modification, a polyol containing added ethy-
lenic unsaturation is prepared by feacting a polyol having
‘at least one primary or secondary alcoholic hydroxyl group,
allyl halide or vinylbehzyl.halide and an agqueous solu-
tion of an alkali metal hydroxide, the reaction being
conducted in the presence of'a-catalytic amount of a

quaternary ammonium or phosphonium salt having a total

18,402-F
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carbon content of from 10 to 40 carbon atoms. The aqueous
solution of an alkali metal hydroxide varies in concentra-
tion from 40 weight percent to a saturated solution of -the

alkali metal hydroxide. A saturated solution is preferred.aA

The preferred catalysts are tetra-n—butyl ammonium salts.
The preferred hallde compounds are allyl chloride or
v1ny1benzyl chlorlde._

The unsaturated polyols prepared by these methods
may be used alone or they may be blended with polyols not
containing added ethylenic unsaturation. If a blend of
polyolstis employed, the level of added unsaturation can
be easily adjusted to a desired level. -

. Suitable polyols which may be employed in the
present inventiocn include, for example, polyalkylene poly-
etheér polyols, polyhydroxyl-containing phosphorus com-
pounds, and alkylene_oxide adducts of polyhydriec polythio-

ethers, polyacetals, aliphatic polyols, and thiols, ammonia;

and amines including aromatic, aliphatic and heterocyclic
amines, as well as mixtures thereof well known in the art.
Alkylene oxide adducts of compounds:which contain'two

or more different groups within the above-deflned classes
may also be used such as, for example, amino alcohols
which contain an amino group and a hydroxyl group.

Any suitable polyalkylene polyether polyol may
be used such as,>for example, the polymerization product
of an-alkylene oxide or of an alkylene oxide»with'a poly-
hydric alcohol having from 2 to 6 hydroxyl groups.

Polyethers which are preferred include the alky-
lene oxide addition products of trimethylolpropane, gly-
cerine, pentaerythritol, sucrose, sorbitol, propylene
glycol, and 2,2-(4,4'~hydroxyphenyl) propane and blends
thereof having hydroxyl equivalent weights of from 250 :
to '5000. A . :
Suitable polyhydric polythioethers which may
be condensed with alkylene oxides include the condensa-
tion product of thiodiglycol or £he reaction product of
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a dihydric alcohol such as discloset =777z oy =hz -
peration of the hydroxyl-containing zoivethers with o
other suitable thioether glycol.

Polyhydroxyl-containing phesphorus ccmmounds
which may be used include those compounds discloged in
.S tent 3,639,542, Preferred polyhydroxyl-contai=iac
thcsphorus compounds are prepzred from alkylerne oxide«
and acids of phosphorus having a phosplicrus penicvidz

b
eguivalency of from 72 percent to 95 gercant.

Suitable polyacetals which may be confenser
with alkylene oxides include the reaction product of
formeldahyde or other suitablé aldeﬁyde with a dihvdirxic
alcohol or an alkylene oxide such as those disclosed
above.

Suitable aliphatic thiols which may be con-
densed with alkylene oxides include alkane thicls con-
tainingy at least two -SH groups such as 1,2-ethare
dithicl, 1l,2-propane dithiol, and 1p6mhexané dithiol;
alkene thiols such as 2-butene-l,4~dithicl; aad alkyne

thiols such as 3~hexyne-1l,6~dithicl.

Suitable amines which may be ccnderfed with
alkylene oxides include aromatic amines s.ch as anilin=z,
o=cr:lorcaniline, p-amino aniline, 1,5-dizminc naphthalene.
methylene dianiline, the condensation products of aniline

and formaldehyde, and 2,4-diamino tcluene; alivhetic

amines such as methylamine, triisoproy lemine, isownro-
panclamine, diisopropanolamine, ethylsrediarine, 1,2~
~propvlenediamine, l,4~butylenediamnine, and 1 ,3=butylene~

diamine, and mixtures thereof,

As mentioned above, the present colyners of

the invention are prepered by the in situ pelvmarizaiion
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of the above-described unsaturated polyols with an. ethy-
lenically unsaturated monomer or a mixture of ethylenically
unsaturated monomers.,

Any of the polymerizable monomers known in the
art can be used. Preferred monomers are styrene and acry-
lonitrile.

The proportion 6f ethylenically unsaturated
monomer employed in the polymerization reaction is generally
from 1 percent to 50 percent, preferably from 3 percent to
35 percent, based on the weight of the unsaturated polyol
or polyol blend. Preferably the polymerization occurs by
simultaneously adding at a steady or constant fate the
monomer and a free radical catalyst to the unsaturated
polyol at a temperature usually from about 80° to about
170°C, preferably from about 100° to 135°C. Optionally,
the catalyst may be dispersed or dissolved in a portion
of the polyol and thereafter be added along with the
monomer to the remaining portion of the unsaturated polyol
or polyol blend. Optionally the catalyst may be dissolved
or dispersed in some solvent which does not detrimentally
affect the course or rate of polymerization and does not
detrimentally affect the useful character of the product’
and theieafter be added along with monomer to the unsatu-
rated polyol or polyol blend. When an organic solvent is
used, it is preferably removed by conventional means..

The concentration of the free radical catalyst
can vary from 0.05 percent to 10 percent, preferably from
0.1 percent to 5 percent by weight based on the weight of
the monomer. Suitable catalysts are well known in the
art, Azobis(isobutyronitrile) is the preferred catalyst.

The polymer dispersions. of the present inven-
tion are employed in the preparation of polyurethane

18,402-F
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wositions, particularly polyureihene foar- az2n’ 2laot-
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asE. Tho. polyurethane products ave generally prerared
Ly {h= reactior of the copolvmor disparsions with en
vvznic polyisocyanate, optionalily in the presence cof
zdditionel polyhydroxyl-contalning comgonsnts, chali-
~oentenciny agents, catalyste, surface—-active acgsnue,
stebllizers. blowing agents, fillers and pigments,
>einalle processes for the preparation cf elas?

a
eré celluiay polyurethane plastics are well known In e

At

Tha pelymer dispersicns are praferablv erployad
alomg with another polyhydroxyl-cortaining component
ccionly zmpioyed in the art. Any of the pelvhyéroxyl-
~containinc components which ara dezcribed above for
ves L the preparation cof the polymer dispersioné of *the
Lresent invertion may be emploved along with the ursexu-
24 polvols in the wreparation of the polyurethane

eornporiticns of the present invent ox,

In the following examples and ccermparatlive runs,

che amount of unsaturation was determined by proten NNE
ariziveis., The unsaturation was calculated as weicht par-
o

Lecohol. This figure was thern converted &

Al
ez ~f carbon~carbon double bends (molesular weight 24)

CXAMFLRE 1 TAROUGH 9

To a reacticn vessel fitted with stirrer, hea*ing

mentre and temperature control, condenser, thermomete
rnitrogen gas inlet, and dropping funnel was added 3334 g
{0.62 molez; of a polyol, designated as Polvol A, which
w7as an adduct of glycerine and propylene oxide and subse-

rantly eand canped with 15 percent ethylene cxicde by weight

[

Q- %
having arn everage OE eguivelent weight of 164C and 27.1 g
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of sodium hydroxide. The mixture was heated to 110 to
120°C and after about 30 minutes 52 g (0.58 moles) pf
allyl chloride was added. After reacting at 100°C for
12 hours, the product was cooled to 60°C and 300 g
deionized water and 50 g magnesium silicate were added.
The water was stripped at 120°C and 2 to 3 "mm mercury
for 2 hours to precipitate the salts. The product was
then filtered. The polyol with the added unsaturation
was designated as Polyol B. a

Polyol B has 1.4 moles of unsaturation per mole
of polyol. Polyol A had 0.4 mole of unsaturation per
mole of polyol. Poiyol B therefore contained 1 mole of
added unsaturation per mole of polyol.

The above prepared unsaturited Polyol B was
used to prepare polymer dispersions according to the
following general procedure. The unsaturated Polyol B
was blendad with Polyol A to give a predetermined level
of unsaturation. The polyol blend was then heated to
120°C while nitrogen gas was bubbling through the blend.
This was done in a l-liter round bottom flaék equipped
with a mechanical stirrer, condenser, thermometer, heating
mantle with temperature controller, addition funnel and
nitrogen gas inlet. While the polyol was heating, styrene
and acrylonitrile (VCN) were blended in a separate con-
tainer. The monomer blend was prepared as a 50 percent-
solution by weight in a polyol blend of the same composi-
tion as that being heated. The monomer/polyol blend was
then refrigerated to prevent polymerization. When the
polyol in the reaction vessel reached 120°C, the nitro-
gen gas bubbling was switched tb a static nitrogen gas pad.
Azobis (isobutyronitrile) was then weighed into the cold
monomer/polyol blend. The catalyst level was 0.7 weight
percent based on the monomers. The monomer/polyol/catalyst
blend was then added at a steady rate to the stirred hot

18,402-F
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polyol blend. The addition times ranged from 30 to 3°
ninutes but were typically 40 minutes. Tae total voiont
of monomer added was 25 weight percent basec upeh e
weight of the polyol. The reaetioh was maintained a%
120°cC during the addition and for about one hour after
the completion of the addition. The product was then cooled
to ambient temperature; Viscosities were recorded using
a Brookfield Viscometer; Model LVF, with a #4 spindle at
Zb rpm and at ambient temperature (23 to 26°C).

-~

~

Into a reaction vessel equlpped with a stirrer,
heatlng mantle and temperature ¢ontroller, -condenser,
thermometer and nitrogen gas inlet was added 3800 g (0.77

Toles) of Polyol A, 88 g (0.77 moles) of allyl glycidyl

ether and 3.8 g of sodium hydroxide. After heating at
100°C for 12 hours, 25 g of magnesium silicate were
added. The product was stripped at 110°C and 1 to 3

mm mercury for about_3 hours. The product was then fil-

A.tered. A polyol, designated as Polyol C;'hhich contained

"4 moles of unsaturation per mole of polyol was recovered.

Polyol C therefore - couteined 1 mole of added unsaturation.

The unsaturated Polyol C was used to prepare polymer dis-

per51ons according to the general procedure in Examples
1 through 9. The results of the comparison are shown in

. Table Io . . - T

BAD ORIGINAL @
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- Polyol A were weighed into a flask .equipped with a stirrer,
" blend was heated to 120°C while being sparged with & stream

‘added over the course of about an hour. The product was _ i
‘digested at 120°C for 40 minutes after completion of the - @

for 50 minutes. The product was a tan dlspers on ccntaining
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The above data clearly demonstrates tha* th~
polymer dispersions of the present inventien are terarall-
lower in viscosity than thcse of the prior ar:,
EXAMPLE 10 - / .
' 780 g of a polyol prepared by }eacting Polyol A - g
with allyl chloride in the manner of the present inven- '
tion as described in Examples 1.through 9 containing 0.8
mole of added unsaturation perfmoie of polyol and 20 g

heating mantle and temperature control, nitrogen -gas inlet,
thermometer, condenser and addition funnel. The polyol

of nitrogen gas. 200 g of styrene menomer containing 0,7
weilght percent,azobis(isobutyronitrilé)'catalyst~were

addition of styrene monomer, The product was ccoled to- " i

90°C and was stripped of unreacted- sﬁyrene at 1 mm mercury

10.4 weight percent polymer solids and having a Brookfield ) !
viscosity of 1200 centlpOLSe at ambient temperature. The |
dispersion did settle out after 3 weeks storage at 25°C

but could be redispersed by agitation. '

EXAMPLE 11

A polyol contalnlng added unsaturatlon by the
piocedure of Examples 1 through 9 be heating a mixture
of 3232 g (0.66 mole) of Polyol A and 26.4 g (0.66 mole)
sodium hydroxide. After purging with nitrogen, 101 g

(0.66 mole) of vinylbenzyl chloride was added over a one

‘hour period. The mixture was digested for two hours at

100°C. To the mixture was added 35 g of magnesium sili-
cate. ‘The crude product was vacuum stripped at 110°C

for two hours. The subsequently filtered product had

0.8 mole of added unsaturation and is designated as Polyol D.

18,402-F . S " BAD ORIGINAL @
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The_procedure of Example 10 above was repeated
using 80 g of Polyol D and 320 g of Pelyol_A. ‘A disper- _
sion was then prepared using 101 g of styrene monomer and .
2 g of azobis(isobutyfonitrile). After stripping the pro?‘
duct was a smooth white stable dispersicn containing™17.4 ’
weight percent polymer solids‘and having -a Brookfiéld
viscosity of 1100 cehtiboise at ambient temperature (25°C).

COMPARATIVE RUN J

-

The procedure in Exaﬁble 10 was‘repeated with
the excepﬁion that Polyol A was the only polyol used.
797 g.Polyol7A, 200 g styrene monomer and l.4 g azobis-

~(isobutyronitrile) were reacted according to the procedure

in Example'lé. Upon cooling to 90°C after digestion
agglomeration of the polymer was observed. Further COeling
caused the polymer to form a solid ball about 1—1/2 inches

(4.3 cm) in diameter. No dispersion was formed.

Tﬁié comparative run demonstrates that whatever
unsaturation'is present in the base polyol due to thée
rearrangement of propylene oxide to allyl alcohol is
not as effecglve in promoting the formatlon of a disper-
sion as the unsaturatlon introduced in the manner of the
present lnventlon.

EXAMPLE 12 - ,
270 g of Polyol-A and 30 g of Polyol D were

‘heated to 120°C under a nitrogen purge. A solutlon of

50 g acrylonitrlle, 50 g alpha-methylstyrene, 2 g azobis-
(lsobutyron;trlle) and 100 g of a polyol blend containing
90 parts quypl A and 10 parts of Polyol D was added
dropwise to rhe hot polyol ‘blend over a period of. 35
minutes. AThevresultant dispersion contained 18.5 percent
polymer solids and had a Brookfield viscosity of 4300

~ centipoise at ambient temperature (25°C). .

18,402-F
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‘EXAMPLE 13
270 g of Polyol A and 30 g of Polvol 3 wer-

heatec to 120°C under a nitrogen purge. A solution c¢?
100 g methacrylonitrile, 2 g azobis(isobutyronitrile)

and 100 g of a polyol blend containing 50 parts of Folyol
A and 50 parts Polyol B was added dropwise over a vericé
of 40 minutes. The resultant dispersion contairec 1%2.5

percent polymer solids and had a Brookfield viscosity of
1950 centipoise,

EXAMPLE 14

rd

, 270 g of'Pélyol A and 30 g of Polyol D were
weighed into a flask according to the procedure in Exam-le
1. 57 g of styrene monomer, 43 g of methylmethacrylete
and 2 g aéobis(isobutyronitrile) dissolved in 50 ¢ Polycl
A and 50 g Polyol D were added over a 30 minute »eriod
while the reaction mixture was maintained at 120°C. The.
product was digested at 120°C for 50 minutes and at
for an hour. The product was vacuum stripped (less

Q

O
%)
e

(+
0

har
1 mm mercury) at 90°C for an hour. The resultant disper=-
sion contained 14.9 percent polymer solids and had a

Brookfield viscosity of 8750 centipoise at 20°C.

COMPARATIVE RUN X

A reaction vessel fitted with stirrer, heating

mantle with temperature controller, condenser, thermometer,
nitrogen gas inlet, and dropping funnel was charged with
(a) 1522 g (0.31 mole) of a 4907 molecular weight triol,
designated Polyol E, which was an adduct of glycerine and
propylene oxide and subsequently end capped with 13 welght
percent ethylene oxide, (b) 980 g.(0.4l mole) of a 2382
molecular weight diol which was an adduct of propylene
glycol and propylene oxide and subsequently end cappec with
15 weight percent ethylene oxide, and (c) 76 g (0.78 mole)
of maleic anhydride. The charge was heated to 130°C and
digested for five hours and then cooled to room tempera-

18,402~F
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ture. After the product was cooled, 2500 g of the pro-
duct was heated to 150°C. Then 170 g of ethylene oxide
was gradually added over a 3 hour period. Upon completion
of the oxide addition, the reaction mixture was maintained
at 150 to 170°C for 3 hours, after which time it was
stripped at 130°C for 3 hours at less than 10 mm of
mercury. The product, designated Polyol F, was an amber
fluid.

A polymer dispersion employing Polyol F was
prepared'following the'teaching found in u.d. Patent
4,014,846, column 12, A reaction vessel equipped with a
stirrer, condenser, heating mantle with controller,
addition funnel and nitrogen inlet was charged with 20¢C
g isopropanol, 50 g of Polyol E, 200 g acrylonitrile, 50
g styrene, 0.4 g tert-dodecyl mercaptan and 1.25 g azobis-
(isobutyronitrile). The charge was heated to 75°C for
5 hours. At the end of this period the product was a
milky fluid. The polymer dispersion was cooled to room
temperature. o .

180 g of the polymer dispersion as prepared above
was mixed with 450 g of Polyol E. The mixture was heated
to 100°C with stirring and stripped at a vacuum of 1 mm of
mercury. The Brookfield viscosity of this mixture at
24°C was 1850 cps. After standing for 5 days at room ten-
peraturé, a noticeable separation of the dispersion into
distinct layer was observed.

18,402-F
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l. A polymer dispersion prepared by reactir<
a polyol containing added ethylenic unsaturazicn ~~¢ -~
ethylenically unsaturated monomer or mixturcs <hcxocf
in the presence of a free radical catalyst cherac+erized
in that the dispersion is prepared by the Willlamson
synthesis or a phase transfer catalyst modification thereo®
employing in situ polymerization of the ethylenizally
unsaturated monomer or mixture of monomers in tae polycl
containing added ethylenic unsaturation.

2. The polymer dispersion of Claim 1 chearac-
terized in that the proportion of ethylenically unsaturatec
monomers employed in the reaction is from 1 +o 5C weight

percent based on the weight of the polyol.

3. The polymer dispersion of Claim 1 charac-
terized in that allyl chloride is employed in *the Williamson
method or the phase transfer catalyst modiflca*ion therecf.

4., The polymer dispersion of Claim 1 charac-
terized in that vinylbenzyl chloride is employed in the
Williamson method or the phase transfer catalyst modifi-
cation thereof.

5. The polymer dispersion of Claim 1 charac-
terized in that the polyol containing added ethylenic
unsaturation is mixed with polyols not containing added
ethylenic unsaturation.

18,102-F
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